INTRODUCTION
We present the experimental study of a single-mode thermal field with average number of photons ! n " 10 3 . The study has been carried out using a parametric amplifier tuned at 1.5 GHz and working at room temperature. The parametric amplifier is based on a variable capacitance diode (varicap) placed inside a microwave resonant cavity. The cavity proper frequency ν r is modulated by means of the varicap and an extremely large gain can be obtained, thus allowing one to measure the small amounts of thermal energy contained in a very narrow frequency band. The measured distribution of the number n of thermal photons inside the resonator follows the expected single mode Bose-Einstein distribution probability
with
. This distribution has the peculiar characteristic to be super Poissonian, with variance ! ("n) 2 = n (1+ n ).
THE EXPERIMENTAL APPARATUS
A principle experimental scheme of the apparatus is shown in figure 1 . It is based on a reentrant geometry microwave resonant cavity with circular section. A varicap diode is mounted in the gap between the reentrant cylinder and the cavity end. The varicap changes the capacitance of the equivalent circuit of the resonator to give a different value of the resonance frequency. By driving the varicap with an ac voltage it is thus possible to modulate the resonance frequency of the system. By using the three ports P1, P2 and P3, it is possible to charge the cavity, to measure the stored energy, and to drive the capacitance of the varicap, respectively. Port P1 holds a weakly coupled antenna with small coupling coefficient k 1 connected to the oscillator RF-I used to charge up the system in the calibration measurements. Port P2 holds a critical coupling antenna connected to a fast oscilloscope. An ac signal applied by the oscillator RF-P through port P3 is used to drive the varicap. The relative phase θ of the two oscillators RF-I and RF-P is controlled by a phase locking system.
By driving the varicap at a frequency ! " 2# r , a parametric amplification of the energy stored in the resonator can be realized. In this case, the signal on the scope has an exponential-like growth whose rate defines the efficiency of the parametric process. We study the time behaviour of the amplitude V a at frequency ν r of the antenna signal on port P2 when the pump RF-P is present. The output power is then P out = V a 2 /(2R g ), for a corresponding energy in the cavity (2) with τ c the field decay time. For a critically coupled antenna, k 2 equals unity. Analogously, for the input port, the energy loaded in the cavity is E cavity = P in τ c /k 1 , with P in the power delivered by the oscillator RF-I.
When performing calibrations with a known input on port P1, the oscillator RF-I is switched off at the start of the pump signal, in order not to have a constant input in the cavity during amplification. The repetition rate of the measurements is about 10 Hz, ensuring that the cavity is in a stationary state each time the pump is switched on.
THE AMPLIFICATION PROCESS
In a parametric amplification process, in the absence of dissipation, the evolution of the electromagnetic field amplitude inside the resonator exhibits an exponential growth of the type e st [1] with rate s = πην r , where η is the modulation depth. In the presence of dissipation, the rate will be diminished by an amount λ. The power output measured by the antenna on port P2 can be described approximately by the following equation:
where θ is the relative phase at t = 0 of the cavity field and the modulation signal. We have evidence [2] that the phase function g(θ) can be written simply as cos 2 (θ+constant). In order to measure the time constant of the amplification process τ p = [2(s-λ)] -1 , measurements are performed as follows: an arbitrary value P T is chosen so that t T is the time at which P out (t T ) = P T . One has
In principle it is possible to deduce the initial amplitude P out (0) by just reversing equation (3) . Unfortunately, due to the presence of the phase function g(θ), this is not always feasible, as the phase of the field can only be determined when the cavity field is driven using the oscillator RF-I on port P1. In this case the phase can be easily tuned and the function g maximized. In this condition, performing several measurements of t T at different values of P in allows for a precise determination of the characteristic time τ p of the parametric amplification process. Such measurements are shown in figure 2, fitted using (4). The results prove the validity of the approximation used in equation (3), i.e. the parametric process is well approximated by an exponential growth. Figure 2 . Calibration of the gain parameter τ p with P T = 25 mW. The four points on the left were not used in the fit.
THERMAL PHOTONS BATH
As can be seen from figure 2, the time t T is constant for input power below a certain value: this indicates that inside the resonator there is a source that cannot be switched off. This source has to be identified with the thermal bath. In figure 3 the continuous line is a histogram of 11000 values of t T measured at room temperature with the oscillator RF-I kept constantly off. The spectrum reflects the presence of a single mode thermal photon distribution. To prove this, we performed a MC-simulation of the parametric process: we generated values of t T assuming that the energy present in the cavity at the starting trigger follows the Bose-Einstein probability distribution, and that the phase θ has a flat distribution.
The generated values are arranged in a histogram as the measured data (dashed line in figure 3 ). One can say that the simulation is done without free parameters: τ p is measured in the calibration procedure, τ c comes from the cavity characterization, k 2 is measured with a vector analyzer, P T is a common choice both to calibration and thermal data, and finally ! n is calculated for T = 300 K. By adding a value t 0 to all the generated times, it is possible to superimpose the simulated and the experimental data. Adding a constant value to all the points does not affect the shape of the distribution, which reproduces the experimental data quite satisfactorily. In order to check that the distribution is due to a single mode thermal field, we repeated the analysis assuming for the initial field a thermal distribution with a number of modes equal to µ. Already with µ = 2, i.e. supposing to have two field modes resonating in the cavity, it was not possible to obtain a good description of the experimental data, with the χ 2 in excess of 100. This proves that no standard distribution but the Bose-Einstein can be used to fit the data.
The system presented here proves to be a powerful and versatile tool for the measurement of very small signals. Our result could pave the way for the measurement of the Dynamical Casimir effect [3] , finding also possible applications in the studies of the statistics of photons emitted by conductors and of squeezed thermal radiation.
